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FIG. ©

START 5602

GENERATE PRE-DISTORTION SIGNAL PD1 (t) [~ 5604

PERFORM ORTHOGONAL MODULATION, -
FREQUENCY CONVERSION, AND POWER
AMPLIFICATION ON PRE-DISTORTION SIGNAL [~ 5606
PD1 (t) BEFORE RADIO-TRANSMIT PRE- '
DISTORTION SIGNAL PD1 (1

BASED ON FEEDBACK SIGNAL Fb (£) FROM
POWER AMPLIFIER, GENERATE PRE-DISTORTION f~ 5608
SIGNAL PD2 (t)

GENERATE ERROR SIGNAL e (t) AND SIGNAL T2 (t) G610
_e(t) = PD1(t) - _M_?Z(t), T2_1,j =1 _i,jxe(t)xFb (t)

' [ MULTIPLY DISTORTION COMPENSATION i
| COEFFICIENT h,j BY INHIBIT COEFFICIENT o {~ 5612 :
; Tij= axh ] ;

UPDATE DISTORTION COMPENSATION G614
COEFFICIENT
hij=TLij+T2i;] ADAPTIVE CONTROL

BY PD1 (t) AND PD2 (1)
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FIG. 8

START 5602

GENERATE PRE-DISTORTION SIGNAL PD1 (t) 5604

PERFORM ORTHOGONAL MODULATION,
FREQUENCY CONVERSION, AND POWER
AMPLIFICATION ON PRE-DISTORTION SIGNAL [~ S606
PD1 (t) BEFORE RADIO-TRANSMIT PRE-
DISTORTION SIGNAL PD1 (t)

BASED ON FEEDBACK SIGNAL Fb (t) FROM
POWER AMPLIFIER, GENERATE PRE-DISTORTION f~— S608
SIGNAL PD2 (1)

GENERATE ERROR SIGNAL e (t) AND SIGNAL T2 (t) | _ ¢¢ 19
o(t) = PDL(t) - PD2(t), T2.i,j =1t _i,jxe(t)xFo* (t) '

READ OUT INHIBIT COEFFICIENT o_i] 318
CORRESPONDING TO LUT_ij FROM TABLE

MULTIPLY DISTORTION COMPENSATION
COEFFICIENT h i BY INHIBIT COEFFICIENT @ b~ S812

T1.1)= a_ijxh_i]

UPDATE DISTORTION COMPENSATION

COEFFICIENT 5614
N_ij=TLij+ T2 ADAPTIVE CONTROL
BY PD1 (t) AND PD2 (1)
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FIG. 10

START 5602

GENERATE PRE-DISTORTION SIGNAL PD1 ()~ S604

PERFORM ORTHOGONAL MODULATION,
FREQUENCY CONVERSION, AND POWER
AMPLIFICATION ON PRE-DISTORTION SIGNAL
PD1 (t) BEFORE RADIQ-TRANSMIT PRE-
DISTORTION SIGNAL PD1 (t)

5606

POWER AMPLIFIER, GENERATE PRE-DISTORTIO

BASED ON FEEDBACK SIGNAL Fb (t) FROM
v~ 5608
SIGNAL PD2 (1)

GENERATE ERROR SIGNAL € (t) AND SIGNALT2 (t) | _ o1
e(t) = PDL(t) - PD2(Y), T2.i, = 1_i jxe(t)xFb* (1

| ACCORDING TO AMPLITUDE OF TRANSMISSION |~ ;
i SIGNAL Tx(t), DETERMINE INHIBIT ~ ~ 51018 :
: COEFFICIENT a(|Tx(t-)]) i
| MULTIPLY DISTORTION COMPENSATION ;
| COEFFICIENT h_ij BY INHIBIT COEFFICIENT ¢ [~ 51012 ;
: TLij = a([Tx(tf)[)xh_i ;

UPDATE DISTORTION COMPENSATION

COEFFICIENT 5014
nij=TLij+T2i] ADAPTIVE CONTROL
BY PD1 (t) AND PD2 (1)
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FIG. 12

START 5602

I GENERATE PRE-DISTORTION SIGNAL PD1 () f~ 5604

PERFORM ORTHOGONAL MODULATION,

FREQUENCY CONVERSION, AND POWER
AMPLIFICATION ON PRE-DISTORTION SIGNAL f~ 5606

PD1 (t) BEFORE RADIO-TRANSMIT PRE-

DISTORTION SIGNAL PD1 (1)

BASED ON FEEDBACK SIGNAL Fb (t) FROM
POWER AMPLIFIER, GENERATE PRE-DISTORTION
~ SIGNALPD2 (t

5603

GENERATE ERROR SIGNAL e (t) AND SIGNAL T2 (1) c¢14
e(t) = PD1(t) - PD2(t), T2_i,j = u _i,jxe(t)xFb* (t) -

DETERMINE INHIBIT COEFFICIENT i (ti t-)
ACCORDING TO INTENSITY OF CORRELATION OF

TRANSMISSION SIGNALS Tx(t-) AND Tx(t)

51218

COEFFICIENT h_i,j BY INHIBIT COEFFICIENT o [~ 51212
T1.07 = a_ijt-L,t=)%xh i,

UPDATE DISTORTION COMPENSATION
COEFFICIENT o614

Nj=TL0j+T2.]
B ADAPTIVE CONTROL
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FIG. 14A

| — »
N CARRIERS FREQUENCY

FIG. 14B

POWER
VALUE

N CARRIERS FREQUENCY
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FIG. 15
S0

GENERATE PRE-DISTORTION SIGNAL PD1 (t) 5604

OERFORM ORTHOGONAL MODULATION, FREQUENCY CONVERSION, AND |
POWER AMPLIFICATION ON PRE-DISTORTION SIGNAL PDL (t) BEFORE [~ S606
RADIO-TRANSHIT PRE-DISTORTION SIGNAL PO ()

BASED ON FEEDBACK SIGNAL Fb (t) FROM POWER AMPLIFIER, 3608
GENERATE PRE-DISTORTION SIGNAL PD2 (t)
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GENERATE ERROR SIGNAL E (t) AND SIGNAL T2 (t)
e(t) = PDI(t) - PD2(t), T2_i,j = 1t _i,jxe(t)xFb* (t)

BASED ON TRANSMISSION CARRIER INFORMATION 51518
Tr ¢, ACQUIRE DATA OF THE NUMBER OF CARRIERS

5610

BASED ON TRANSHISSION CARRIER INFORMATION Tr ¢ ACQURE |_ ¢ 1550
DATA OF TRANSMISSION POWER VALLE OF EACH CARRIEF

- (BAGED ON DATA OF THE NUVBER OF CARRIES AND TRANGYISSON
| POWER VALUE OF EACH CARRIER, DETERMINE APPARENT SIGNAL 51522
; BANDWIDTHS OF A PLURALITY OF CARRIERS

BASED ON DETERMINED SIGNAL BANDWIDTH, 61574
DETERMINE INHIBIT COEFFICIENT @ i)

MULTIPLY DISTORTION COMPENSATION COEFFICIENT
i j BY INHIBIT COEFFICIENT

TL=a 1jxh 1]

51512

UPDATE DISTORTION COMPENSATION COEFFICIENT ~ 5614

1) =TLIj+T2) ADAPTIVE CONTROL
_________________ A BYPDL{f)andPD2(t).
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DISTORTION COMPENSATION DEVICE AND
DISTORTION COMPENSATING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2011 -

103430 filed on May 10, 2011, the entire contents of which
are incorporated herein by reference.

FIELD

The embodiments discussed herein are related to a distor-
tion compensation device and a distortion compensating,
method.

BACKGROUND

A radio communication device 1 a radio communication
system has been desired to be highly efficient from a view
point of size reduction and power saving of the device.

A power amplifier included 1n the radio communication
device 1s used 1n a saturation region where the etficiency of
the device 1s generally high. However, a nonlinear distortion
1s increased 11 the power amplifier 1s used near the saturation
region. Distortion compensating processing has been known
as a technique for suppressing the nonlinear distortion and
reducing an Adjacent Channel Power (ACP). A Feed Forward
Amplifier (FF amplifier) that compensates a distortion of a
main amplifier by a sub-amplifier, a Cartesian method for
compensating the distortion by feeding back an amplifier
output, and a Pre-distortion method for compensating the
distortion by iputting an inverse distortion characteristic
signal of the amplifier into the amplifier are examples of the
distortion compensating processing. Regarding the Pre-dis-
tortion method, a digital pre-distortion method with a feed-
back loop that uses a series or a Look Up Table (heremafter
referred to as LUT) has been known. According to the pre-
distortion method using the LUT, the distortion compensation
coellicient used for the distortion compensating processing 1s
stored 1n the LUT, and the distortion compensation coelli-
cient 1s updated based on a transmission signal and a feedback
signal.

On the other hand, 1n the power amplifier, a phenomenon
called a memory eflect 1s generated. The memory effect 1s a
phenomenon 1 which an output signal corresponding to an
input signal at a time 1s mfluenced by a past mput signal.
Therefore, the distortion compensation device 1s desired to
compensate a nonlinear distortion in the above-described
power amplifier and to compensate the intluence of the
memory eilect in the power amplifier.

Patent Document 1 discloses a pre-distorter that includes a
plurality of LUT's corresponding to a plurality of bands and
uses a forgetting coelfficient to update the distortion compen-
sation coellicient. Patent Document 2 discloses an amplifier
that compensates a distortion by using a forgetting coeltlicient
to update the distortion compensation coefficient. Patent
Document 3 discloses a pre-distortion device that includes a
plurality of LUT's and performs distortion compensation by
synthesizing the distortion compensation coellicient output
from the plurality of LUTs.

Patent Document

| Patent Document 1] Japanese Laid-open Patent Publication
No. 2007-013947
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[Patent Document 2] Japanese Laid-open Patent Publication
No. 09-069733

|Patent Document 3] Japanese National Publication of Inter-
national Patent Application No. 2008-514052

SUMMARY

According to an aspect of the invention, a distortion com-
pensation device which reduces a distortion of an amplifier
which 1s added to an output signal of the amplifier, the dis-
tortion compensation device including: a plurality of distor-
tion compensation coellicient storage circuits which stores a
plurality of distortion compensation coellicients and outputs
the distortion compensation coelificients according to an
amplitude of an input signal of the amplifier, a distortion
compensating processing circuit which adds the distortion
compensation coetlicient output from each of the plurality of
distortion compensation coellicient storage circuits to the
input signal of the amplifier, and a distortion compensation
coellicient updating circuit which performs weighting pro-
cessing on the distortion compensation coelilicient output
from each of the plurality of distortion compensation coeifi-
cient storage circuits to reduce the distortion compensation
coellicient and which calculates an update value of the dis-
tortion compensation coetlicient by using the distortion com-
pensation coellicient which 1s subjected to the weighting
processing.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims. It 1s to be understood
that both the foregoing general description and the following
detailed description are exemplary and explanatory and are
not restrictive of the invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1illustrating a part of a distortion com-
pensation coellicient storage unit 150 and a pre-distortion
signal generating unit 160 as a part of a plural LUT-type

distortion compensation device 100;

FIG. 2 1s a diagram 1llustrating a part of the distortion
compensation coelficient storage unit 150 and a distortion
compensation coefficient updating unit 170 of the plural
LUT-type distortion compensation device 100;

FIG. 3A and FIG. 3B are diagrams illustrating an example
of distribution of the distortion compensation coetlicients that
are subjected to distortion compensating processing and
updating processing ol the distortion compensation coetfi-
cient for a certain period of time 1n the distortion compensa-
tion device 100;

FIG. 4 1s a diagram 1illustrating an example of a configura-
tion of a radio communication device 400 that includes a
plural LUT-type distortion compensation device 402;

FIG. 5 1s a diagram 1llustrating an example of an internal
configuration of a distortion compensation coeflicient updat-
ing unit 426;

FIG. 6 1s a diagram illustrating an example of a flowchart of
the updating processing of the distortion compensation coet-
ficient 1n the distortion compensation device 402;

FIG. 7 1s a diagram 1llustrating an example of an internal
configuration of a distortion compensation coetlicient updat-
ing unit 726;

FIG. 8 1s a diagram illustrating an example of a flowchart of
the updating processing of the distortion compensation coet-
ficient 1n the distortion compensation device 702;
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FIG. 9 1s a diagram 1illustrating an example of an internal
configuration of a distortion compensation coetlicient updat-
ing unit 926;

FIG. 10 1s a diagram of an example of a flowchart of the
updating processing of the distortion compensation coetfi-
cient 1n a distortion compensation device 902;

FIG. 11 1s a diagram of an example of an internal configu-
ration of a distortion compensation coelificient updating unit
1126;

FIG. 12 1s a diagram of an example of a flowchart of the
updating processing of the distortion compensation coetfi-
cient 1n a distortion compensation device 1102;

FI1G. 13 15 a diagram 1llustrating an example of an internal
configuration of a distortion compensation coetficient updat-
ing unit 1326;

FIG. 14A and FIG. 14B are diagrams 1llustrating a deter-
mimng method of a signal bandwidth of a plurality of carries
in an 1nhibit coefficient determining unit 1338; and

FIG. 15 1s a diagram 1illustrating an example of a flowchart
of the updating processing of the distortion compensation
coellicient 1n a distortion compensation device 1302.

DESCRIPTION OF

EMBODIMENTS

According to the pre-distortion method using the LUT,
amplitude (absolute value) of an updated distortion compen-
sation coeldficient may be excessively increased under a cer-
tain condition. This causes a problem that a distortion com-
pensation characteristic deteriorates.

An aspect of the present invention 1s to prevent the ampli-
tude (absolute value) of a distortion compensation coetficient
from excessively increasing even 11 the update of the distor-
tion compensation coellicient proceeds 1n a distortion com-
pensation device.

The embodiments of the present mvention will be
described below.

Embodiment

Reference examples of the present mvention will be
described before the embodiments of the present invention.

Reference Example

There 1s a plural LUT-type distortion compensation device
as a distortion compensation device that may suppress an
increase ol a circuit scale and compensate a distortion caused
by a memory effect in addition to a non-linear distortion 1n a
power amplifier. The plural LUT-type distortion compensa-

tion device has a plurality of LUTs and generates pre-distor-
tion signals by performing the distortion compensating pro-
cessing based on a plurality of distortion compensation
coellicients and transmission signals stored 1n the plurality of
LUTs.

FIG. 1 1s a diagram 1illustrating an example of an internal
configuration of a plural LU T-type distortion compensation
device 100. FIG. 1 illustrates a part of a distortion compen-
sation coelficient storage unit 150 and a pre-distortion signal
generating unit 160 as a part of the distortion compensation
device 100.

As 1llustrated 1n FIG. 1, the distortion compensation coel-
ficient storage unit 150 of the distortion compensation device

100 includes an address generating unit 102, m—1 delay units
104_1 to 104_m-1, and m Look-Up Table (LUT) groups

106_0to 106_m-1.
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Each of the m LUT groups 106_0 to 106_m-1 includes n
LUTs. The LUT groups 106_0 to 106_m-1 include nxm
LUTs 1n total.

Hereinatter, the 1+1-th LUT 1included 1n the LUT group
106_j 1s referred to as LUT _1,1 1=0 to n-1, =0 to m-1).

As illustrated in FI1G. 1, the pre-distortion signal generating

unit 160 of the distortion compensation device 100 includes n
adders 108_0 to 108_n-1, n multipliers 110_0 to 110_n-1,

n-1 delay units 112_1 to 112_n-1, and an adder 114.
Each of the adders 108_0 to 108_n-1 includes m 1nputs.
The address generating unit 102 receives a transmission
signal Tx(t) and generates an address Adrs (I'Tx(t)l) corre-

sponding to the amplitude | Tx(t)l of the transmission signal
Tx(t). The generated address Adrs (ITx(t)l) 1s supplied to n
LUT_1,0 included 1n the LUT group 106_0.

The delay unit 104_1 receives an address Adrs (ITx(t)l)
generated by the address generating unit 102. By outputting
and sequentially delaying the address Adrs (ITx(t)l) recerved
by the delay unit 104_1 for a period of time corresponding to
a difference between the current reference time and the pre-
vious reference time, the delay unmits 104_1 to 104_m-1 gen-
erate an address Adrs (I'Tx(t—1)l) corresponding to the ampli-
tude I'Tx(t—7)! of the transmission signal Tx(t—7) at areference
time t—.

The generated address Adrs (I'Tx(t—1)l) 1s supplied to n
LUT 1,5 included 1n the corresponding LUT group 106_j
from among the m LUT groups 106_0 to 106_m-1.

The LUT 1,7 included in the LUT group 106_j recetves the
address Adrs (|TX(t—J) ) and reads out the distortion compen-
sation coefficient h_1,) (I'Tx(t—7)!) (hereimnafter referred to as
h_1,7) from a position indicated as the received address Adrs
(I'Tx(t—1)!). The LUT_1,j supplies the read out distortion com-
pensation coellicient h_1,j to the adder 108_1.

The adder 108_1 receives the corresponding m distortion
compensation coelficients h_i,; from the m LUT groups
106_0to 106_m-1. The adder 108_1 generates a synthesized
coellicient h_1(t) by adding the received m distortion com-
pensation coelficients. The adder 108_1 supplies the synthe-
s1zed coetlicient h_1(t) to the multiplier 110_1.

The transmission signal Tx(t) 1s supplied to the multiplier
110_0 and 1s supplied to the delay unit 112_1.

The delay units 112_1 to 112_n-1 generate a transmission
signal Tx(t-1) at the reference time t—1 by outputting and
sequentially delaying the transmission signal Tx(t) received
by the delay unit 112_1 for a period of time corresponding to
a difference between the current reference time and the pre-
vious reference time.

The multiplier 110_1 recerves the transmission signal Tx(t—
1) and the synthesized coeflficient h_1(t). The multiplier 118
generates a transmission signal Tx_i(t) by multiplying the
transmission signal Tx(t-1) by the synthesized coetficient
h_1(t). The multiplier 110_1 supplies the generated transmis-
sion signal Tx_1(t) to the adder 114.

The adder 114 receives n transmission signals Tx_1(t) from
the multipliers 110_0 to 110_n-1. The adder 114 generates a
pre-distortion signal PD(t) by adding the n transmission sig-
nals Tx_1(t).

The pre-distortion signal PD(t) 1s generated by the pre-
distortion signal generating unit 160 that performs the distor-
tion compensating processing on the transmission signal
Tx(t) input into the distortion compensation device 100. The
pre-distortion signal PD(t) 1s a transmission signal that 1s
subjected to the distortion compensating processing.

The pre-distortion signal PD(t) 1s converted into an analog,
signal and 1s subjected to orthogonal modulation and radio
frequency conversion. Furthermore, the pre-distortion signal
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PD(t) 1s power-amplified by a power amplifier (not 1llus-
trated) and 1s then radio-transmitted.

FIG. 2 1s a diagram 1illustrating an example of an internal
configuration of the plural LU T-type distortion compensation
device 100 and parts of the distortion compensation coelfi-
cient storage umt 150 and a distortion compensation coelfi-
cient updating unit 170 of the distortion compensation device
100. In FIG. 2, the signal line indicated as a thick line 1s
expressed to be formed with a plurality of signal lines (nxm
signal lines 1n FIG. 2). The other diagrams have the similar
formation.

As 1llustrated 1n FIG. 2, the distortion compensation coet-
ficient updating unit 170 includes a pre-distortion signal gen-
erating unit 122, an adder 124, n multiplier groups 126_0 to
126_n-1, a complex conjugate unit 128, n delay units 130_1
to 130_n-1, n multipliers 132_0 to 132_n-1, and n adder
groups 134_0 to 134_n-1.

Each of the n multiplier groups 126_0to0 126_n-1 includes
m multipliers. The multiplier groups 126_0 to 126_n-1
include nxm multipliers in total.

Each of the n adder groups 134_0 to 134_n-1 includes m
adders. The adder groups 134_0 to 134 _n-1 include nxm
adders 1n total.

The pre-distortion signal generating unit 122 includes a
circuit configuration that 1s equivalent to the pre-distortion
signal generating unit 160 1llustrated in FIG. 1.

The distortion compensation coellicient updating unit 170
receives a pre-distortion signal PD(t) and a feedback signal
Fb(t) and also receives the distortion compensation coedli-
cient h_1,) from the LUT_1,j. The feedback signal Fb(t) 1s
generated based on the output signal of the power amplifier
that 1s not 1llustrated.

Based on the recetved pre-distortion signal PD(t) and the
teedback signal Fb(t), the distortion compensation coellicient
updating unit 170 calculates an update value corresponding to
the received distortion compensation coelificient h_1,; with
respect to each LUT _1,;. That 1s, the distortion compensation
coellicient updating unit 170 executes, by the circuit 1llus-
trated 1n FIG. 2, the calculating processing expressed in the
following Formula 1.

h_ i j(Ix(t=) ) =h_i j(lTx(t—=j))+p_i jxe(t)xFb*(1—i) [Formula 1]

Based on the calculated update value, the distortion com-
pensation coefficient updating unit 170 updates the distortion
compensation coelficient h_i1,) 1 correspondence to the

amplitude |'Tx(t—7)! of the corresponding transmission signal
Tx(t—1) in each LUT _1,]

As described above the delay units 104_1 to 104_m-1,
and 112_1 to 112_n-1 are provided in the plural LUT—type
distortion compensation device 100. By generating a correc-
tion component of the distortion compensating processing,
called a delay term, the plural LUT-type distortion compen-
sation device 100 reflects information of the transmission
signal Tx(t—7) at the past reference time t—j on the distortion
compensating processing with respect to the transmission
signal Tx(t). Therefore, by the distortion compensating pro-
cessing, the distortion compensation device 100 may com-
pensate the distortion caused by the memory eflfect of the
power amplifier 1n addition to the non-linear distortion.

The updating processing of the distortion compensation
coellicient executed by the distortion compensation coelll-
cient updating unit 170 1s explamned 1n the specification and
diagrams of the earlier filed patent application (Patent Appli-
cation No. 2010-236432) applied by the applicant of the
present application.

FIG. 3 15 a diagram illustrating an example of distribution
of the coellicients after the distortion compensating process-
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ing and the updating processing of the distortion compensa-
tion coellicient are performed for a certain period of time in
the distortion compensation device 100. FIG. 3A and FIG. 3B

illustrate the distribution of the distortion compensation coet-
fictents in LUT _1,0and LUT 1,1 1nacaseofn=2, m=2, for

example, 1 the distortion compensation device 100 1llus-
trated 1n FIG. 1 and FIG. 2. The longitudinal axis indicates a
real part (I channel component) or an imaginary part (Q
channel component) of the distortion compensation coetfi-
cient. The horizontal axis indicates an address (amplitude of
a transmission signal) mside the LUT corresponding to the
distortion compensation coelificient.

The 1nventor of the present application discovered that,
regarding the updating processing of the distortion compen-
sation coelficient performed as 1llustrated 1n Formula 1, for

example, when the distortion compensation coellicient 1n
either LUT 1,0 or LUT 1,1 has a certain offset, the distor-

tion compensation coefficient has an offset that 1s opposite to
the offset generated 1n one LUT so that the other LUT com-
pensates the certain offset.

Regarding this phenomenon, 1t 1s considered that, for
example, the multiplier 110 _1 1llustrated i FIG. 1 performs
the multlplymg processing on the transmission signal Tx(t—1)
by using the distortion compensation coelfficient h__1,0 out-
put from the LUT__1,0 and the synthesized coefﬁment h_1(t)
obtained by adding the distortion compensation coefficient
h_ 1,1 output from the LUT__1,1.

For example, if the distortion compensation coellicient in
the LUT__1,0 has an offset in the plus direction by the distor-
tion compensation coellicient, the values of the distortion
compensation coelficients 1s collected 1n such a way that the
offset 1s compensated, that 1s, the offset generated in the
synthesized coetficienth_ 1(t) becomes smaller in the LUT_
1,1. At this time, since the offset of the distortion compensa-
tion coellicient of the LUT__1,0 1s 1n the plus direction, an
olfset in the minus direction that 1s opposite to the offset in the
plus direction in the LUT__ 1,0 1s generated.

As a result, 1f the update of the distortion compensation
coellicient proceeds, as for distortion compensation coelfi-
cient distribution of the LUT 1,0 and the LUT 1.1, the
value of each distortion compensation coelficient tends to
increase or decrease in such a way that the values of the
distortion compensation values are mutually compensated.
Therefore, 1n the distortion compensation device 100, the
amplitude of the distortion compensation coellicient (abso-
lute value) becomes excessively large as the distortion com-
pensation coellicient 1s updated. In the worst case, the ampli-
tude 1s considered to be clipped to the upper limit or the lower
limit 1n a limited coelficient setting range that 1s specified to
a storage amount of each LUT. Accordingly, the distortion
compensation device 100 1s desired to have a storage area of
the distortion compensation coelificient 1n each LUT to pre-
vent deterioration of the distortion compensation character-
1stic caused by a clip of the distortion compensation coetfi-
cient.

Therefore, 1n the distortion compensation device as an
aspect of the embodiment, even 11 the update of the distortion
compensation coelficient proceeds, the amplitude (absolute
value) of the distortion compensation coeltlicient 1s prevented
from excessively increasing.

1. First Embodiment

A radio communication device and a distortion compensa-
tion device according to a first embodiment will be described
below.
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[1-1. Configuration Example 1 Radio Communication
Device 400]

FI1G. 4 1s a diagram 1illustrating an example of a configura-
tion of a radio communication device 400 that includes a
plural LUT-type distortion compensation device 402. As
illustrated 1n FIG. 4, the radio communication device 400
includes a distortion compensation device 402, a digital/ana-
log converter (DAC) 404, an up-converter 406, a standard
carrier wave generator 408, a power amplifier 410, a down-
converter 412, a standard carrier wave generator 414, and an
analog/digital converter (ADC) 416.

The distortion compensation device 402, which 1s a plural
LUT-type distortion compensation device, includes a distor-
tion compensation coelficient storage unit 422, a pre-distor-
tion signal generating unit 424, and a distortion compensation
coellicient updating unit 426. For example, the distortion
compensation coetlicient storage unit 422 includes a circuit
configuration that 1s equivalent to the distortion compensa-
tion coellicient storage unit 150 1illustrated in FIG. 1. For
cxample, the pre-distortion signal generating unit 424
includes a circuit configuration that 1s equivalent to the pre-
distortion signal generating unit 160 illustrated in FIG. 1.

The distortion compensation device 402 receives the trans-
mission signal Tx(t) from a transmission signal generation
device that 1s not illustrated and generates a pre-distortion
signal PD1(t) by the distortion compensation coelificient stor-
age unit 422 and the pre-distortion signal generating unit 424.
The generating processing of the pre-distortion signal PD1(t)
1s equivalent to the processing described to be related to the
distortion compensation coelilicient storage umt 150 and the
pre-distortion signal generating unit 160, so that the detailed
description 1s omitted.

The pre-distortion signal PD1(t) 1s converted into an ana-
log signal by the DAC 404. The up-converter 406 recerves the
converted pre-distortion signal, performs the orthogonal
modulation by using the standard carrier wave supplied from
the standard carrier wave generator 408, and performs ire-
quency conversion on the pre-distortion signal so that the
pre-distortion signal has a radio frequency. The power ampli-
fier 410 recerves the pre-distortion signal that 1s subjected to
the orthogonal modulation and the frequency conversion and
generates a radio transmission signal by performing power
amplification of the recerved pre-distortion signal. The power
amplifier 410 radio-transmits a radio transmission signal
through an antenna that 1s not illustrated and feeds back the
radio transmission signal to the down-converter 412.

The down-converter 412 receives the fed back radio trans-
mission signal and performs the frequency conversion into an
AD convertible frequency band by using the standard carrier
wave generator 414. The signal that 1s subjected to the fre-
quency conversion 1s converted 1nto a digital signal by the
ADC 416 and 1s then supplied to the distortion compensation
coellicient updating unit 426 as a feedback signal Fb(t).

The distortion compensation coellicient updating unit 426
receives the feedback signal Fb(t) and also receives the pre-
distortion signal PD1(t) from the pre-distortion signal gener-
ating unit 424. The distortion compensation coefficient
updating unit 426 receives the distortion compensation coet-
ficient from each of the plurality of LU Ts 1nside the distortion
compensation coelficient storage unit 422. By performing
adaptive control processing using a Least Mean Square
(LMS) algorithm, the distortion compensation coetlicient
updating unit 426 updates the value of the distortion compen-
sation coellicient stored in each of the plurality of LUTSs
inside the distortion compensation coellicient storage unit
422. The details of the distortion compensation coetficient
updating unit 426 will be described below.
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The distortion compensation device 402 may be achieved
by, for example, a digital signal processing device such as a
FPGA and an ASIC or a processor such as a DSP. The distor-
tion compensation device 402 may be achieved as a single
clement or a combination of a plurality of elements with some
functions of the distortion compensation device 402, respec-
tively. The LUT included in the distortion compensation
device 402 1s achieved by a storage device such as an 1nde-
pendent RAM.

[1-2. Configuration Example of Distortion Compensation
Coetllicient Updating Unit 426]

FIG. 5 1s a diagram 1llustrating an example of an internal
configuration of the distortion compensation coelficient
updating unit 426. With reference to FIG. 5, a configuration
example of the distortion compensation coelficient updating
unit 426 will be described below. In FIG. 5, the distortion
compensation coelficient storage unit 422 1s illustrated as
well for the explanation.

As 1llustrated i FIG. 5, the distortion compensation coel-
ficient storage unit 422 of the distortion compensation device
402 includes an address generating unit 502, m—1 delay units
504_1 to 504_m-1, and m LUT groups 506_0 to 506_m-1.

Each of the m LUT groups 506_0 to 306_m-1 includes n
LUTs. The LUT groups 506_0 to 506_m-1 include nxm
LUTSs 1n total.

Hereinatter, the 1+1-th LUT 1included 1n the LUT group
506_7 1s referred to as LUT_1,; =0 to n-1, 1=0 to m-1). As
illustrated 1n FIG. 5, the distortion compensation coelficient
updating unit 426 includes a pre-distortion signal generating
unmit 522, a subtracter 524, n multiplier groups 526_0 to
526_n-1, a complex conjugate unit 528, n delay units 530_1
to 530_n—-1, n multipliers 332_0 to 532_n-1, n adder groups
534 01to534_n-1, and nxm multiplier groups 536_1,1 1=0 to
n-1, =0 to m-1).

Each of the m multiplier groups 326_0 to 526 _n-1
includes m multipliers. The multipliers groups 326_0 to
526_n-1 include nxm multipliers in total. Hereinatter, the
1+1-th multiplier included 1n the multiplier group 526_1 1s
referred to as MUL _1, 1 1=0 to n-1, =0 to m-1).

Each of the n adder groups 534_0 to 334_n-1 includes m
adders. The adder groups 534_0 to 534_n-1 include nxm
LUTs 1n total. Hereinatter, the j+1-th adder included 1n the
adder group 334 _1 1s referred to as ADD _1,) (1=0 to n-1, ;=0
to m-1).

The nxm multipliers 336_1,7 are provided to correspond to
nxm LUT 1,3, respectively.

For example, the pre-distortion signal generating unit 522
includes a circuit configuration that 1s equivalent to the pre-
distortion signal generating unit 101 1illustrated 1n FIG. 1.
Theretore, the detailed description 1s omitted.

The distortion compensation coetlicient updating unit 426
receives the pre-distortion signal PD1(t) from the pre-distor-
tion signal generating unit 424 and recerves the feedback
signal Fb(t) from the ADC 416. Furthermore, the distortion
compensation coellicient updatmg unit 426 recerves the dis-
tortion compensation coellicient from each LUT _1,; mside
the distortion compensation coellicient storage unit 422.

Based on the received pre-distortion signal PD1(t) and the
received feedback signal Fb(t), the distortion compensation
coellicient updating unit 426 calculates an update value cor-
responding to the recerved distortion compensation coetfi-
cient h_1,) withrespectto each LUT_1,j. That 1s, the distortion
compensation coelficient updating unit 426 executes, by the
circuit illustrated i FIG. 5, the calculating processing
expressed in Formula 2.

h_ i j(lIx(t=j))=oxh__ij(|Ix(t-f))+u__ijxe(t)x
Fb*(1-i)

[Formula 2]
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The pre-distortion signal generating umt 522 receives the
teedback signal Fb(t) and the distortion compensation coet-
ficient h_1,j to generate a pre-distortion signal PD2(t) corre-
sponding to the recerved feedback signal Fb(t). The pre-
distortion signal PD2(t) 1s generated by executing processing,
which 1s equivalent to the distortion compensating processing,
executed on the transmission signal Tx(t) 1n the pre-distortion
signal generating unit 424, on the feedback signal Fb(t). That
1s, the pre-distortion 51gnal PD2(t) 1s a feedback 31gnal that 1s
subjected to the distortion compensating processing. The pre-
distortion signal generating unit 522 supplies the generated
pre-distortion signal PD 2(t) to the subtractor 524.

The subtractor 524 receives the pre-distortion signals PD1
(t) and PD2(t) and calculate an error signal e(t) by obtaining
a difference between the pre-distortion signal PD1(t) and the
pre-distortion PD2(t). The subtractor 524 supplies the calcu-
lated error signal e(t) to the multipliers 532_0 to 532_n-1.

e(Hy=PD1(t)-PD2(1)

The complex conjugate unit 528 receives the feedback
signal Fb(t) and calculates a complex conjugate signal Fb*(t)
of the recerved feedback signal. The complex conjugate unit
528 supplies the calculated complex conjugate feedback sig-
nal Fb* to the delay unit 530_1.

The delay units 530_1 to 530_n-1 generate a complex
conjugate signal Fb*(t—1) at the reference time t—1 by output-
ting and sequentially delaying the complex conjugate signal
Fb*(t) recerved by the delay umt 530_1 for a period of time
corresponding to a difference between the current reference
time and the previous reference time.

The multiplier 532_1 recerves the error signal e(t) and the
complex conjugate feedback signal Fb*(t—1) and multiplies
the recerved error signal e(t) by the complex conjugate feed-
back signal Fb*(t-1).

The MUL_1, included in the multiplier group 3526_1
receives the multiplication result from the multiplier 332 _1
and also receives an attenuation coetlicient p_1,j called a step
s1ze parameter. The attenuation coetlicient u_1,1 1s a param-
cter that adjusts the size of the second term as a correction
term that conjugates the distortion compensation coelficients
in the above-described Formula 2. The attenuation coetficient
u_1,) 1s set mdividually according to each LUT_1,5. The
attenuation coellicient u_1,] 1s stored as a table in a storage
device (not illustrated) such as a Random Access Memory
(RAM), for example.

By multiplying the multiplication result of the multiplier
532 1 by the attenuation coellicient p_i,], the multiplier
MUL._1,] generates a signal T2_1,] corresponding to the sec-
ond term of the above-described Formula 2. The multiplier
MUL_1,1 supplies the generated signal 1T2_1,j to the adder
ADD 1,7 included in the corresponding adder group 534 _1.

12_ij=u_ijxe(t)xEb*(1-i)

The multiplier 336_1,] receives the distortion compensa-
tion coetlicient h_1,] from the correspondmg LUT_1.) mnside
the distortion compensation coelficient storage unit 422 and
also receives an 1inhibit coelflicient a.

The 1nhibit coetlicient o 1s a parameter of weighting with
respect to the distortion compensation coeflicient h_1,5. By
adjusting the size of the first term that 1s to be corrected in the
above-described Formula 2, the parameter prevents the
update value (the left side of Formula 2) of the distortion
compensation coelficient from increasing.

In the example 1llustrated 1n FIG. 5, the ihibit coelficient
a. includes the common value with respect to each LUT _1,.
The ihibit coellicient o 1s stored in a storage device (not
illustrated) such as a RAM, for example. The value of the
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inhibit coellicient a 1s set between 0 and 1 (O=a<l). It 1s
preferable that the value of the inhibit coelficient o 1s deter-
mined 1n consideration of the characteristic of increase or
decrease of the distortion compensation coelflicient 1 asso-
ciation with the updating processing.

The multiplier 536_1,7 performs the weighting processing
by multiplying the received distortion compensation coetfi-
cient h_1,] by the inhibit coeflicient a to generate the signal
T1_1,1 corresponding to the first term of the above-described

Formula 2. The multiplier 536_1,) supplies the generated sig-
nal T1_1,j to the adder ADD_1.,;.

I1_ij=axh_1ij

The adder ADD 1,) included in the adder group 534_1
receives the signal T1_1,) from the multiplier 536_1,) and
receives the signal T2_1,) from the multiplier MUL_1.;. The
adder ADD 1,1 generates the update value corresponding to
the distortion compensation coeflicient h_1,3, as 1llustrated in
Formula 2, by adding the signal T1_1,7 and the signal T2_1,;.

h ij=Tl_ij+T2_i]

The adder ADD_1,1 supplies the update value of the gener-
ated distortion compensation coetficient h_1,; to the corre-
sponding LUT_1.7.

Each LUT_1,] recetves the update value of the distortion
compensation coellicient h_1,; from the corresponding adder
ADD 1,5 and updates the distortion compensation coetficient
h_1,7 1n correspondence to the amplitude I'Tx(t—1)| of the cor-
responding transmission signal Tx(t—1) based on the received
update value.

As described above, when performing the updating pro-
cessing of the distortion compensation coetlicient, the distor-
tion compensation coellicient updating unit 426 of the distor-
tion compensation device 402 corrects the distortion
compensation coellicient based on the error signal after the
amplitude (absolute value) of the distortion compensation
coellicient 1s reduced by the weighting processing by the
inhibit coetlicient. Theretfore, each of the LUTs of the distor-
tion compensation device 402 repeats the updating process-
ing of the distortion compensation coelficient. Even 1if the
updating processing proceeds, the amplitude (absolute value)
of the distortion compensation coeflicient 1s prevented from
excessively icreasing.

The distortion compensation device 402 properly adjusts
the degree of weighting with respect to the distortion com-
pensation coelficient by using the inhibit coetficient o.. There-
fore, in the distortion compensation device 402, the weighting
processing may reduce the intluence on convergence of the
distortion compensation coelilicient in the updating process-
ing in each LUT.

According to the above-described embodiments, as for the
attenuation coetlicient, the values are set individually accord-
ing to each LUT_1,;. However, the value 1s not limited to the
above-described embodiment. For example, the value may be
the common value with respect to each LUT _1,3.

[1-3. Example of Updating Operation of Distortion Com-
pensation Coeflicient 1n Distortion Compensation Device
402]

FIG. 6 1s a diagram illustrating an example of a flowchart of
updating processing of a distortion compensation coelficient
in the distortion compensation device 402. With reference to
the flowchart 1llustrated 1n FIG. 6, the updating processing of
the distortion compensation coetfficient will be described
below.

In Operation S602, the distortion compensation device 402
starts the updating processing of a sequence distortion com-
pensation coelficient.
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In Operation S604, the pre-distortion signal generating
unit 424 generates the pre-distortion signal PD1(t) based on
the iput transmission signal Tx(t).

In Operation S606, the power amplifier 410 amplifies the
power ol the pre- dlstortlon signal PD1(t) that 1s subjected to
the orthogonal modulation and the frequency conversion and
then radio-transmits the power-amplified pre-distortion sig-
nal through an antenna.

In Operation S608, the distortion compensation coelficient
updating unit 426 recerves the feedback signal Fb(t) from the
power amplifier 410 and generates the pre-distortion signal
PD2(t) by performing the distortion compensating process-
ing on the received feedback signal Fb(t).

In Operation S610, the distortion compensation coefficient
updating unit 426 generates the error signal e(t) between the
pre-distortion signal PD1(t) generated in Operation S604 and
the pre-distortion signal PD2 generated 1n Operation S606.
Furthermore, the distortion compensation coetlicient updat-
ing unit 426 generates the signal T2_1,) corresponding to the
second term of the update formula of the distortion compen-
sation coellicient expressed in Formula 2.

In Operation S612, the distortion compensation coeificient
updating unit 426 recerves the distortion compensation coet-
ficient h_1,j from each LUT_1,j and performs the weighting
processing by multiplying the recerved distortion compensa-
tion coellicient h_1,; by the inhibit coefficient .. By the
welghting processing, the distortion compensation coetfi-
cient updating unit 426 generates the signal T1_1,] corre-
sponding to the first term of the update formula of the distor-
tion compensation coellicient expressed 1n Formula 2.

In Operation S614, the distortion compensation coelficient
updating unit 426 calculates the update value of the distortion
compensation coelficient based on the update formula of the
distortion compensation coellicient expressed 1 Formula 2
by adding the signal T2_1,j generated 1n Operation S610 and
the signal T1_1.] generated in Operation S612. Based on the
calculated update value, each LUT _1,; updates the distortion
compensation coelficient.

In Operations S610 to S614, the distortion compensation
coellicient updating unit 426 performs adaptive control pro-
cessing by the pre-distortion signals PD1(t) and PD2(t). A
Least Mean Square (LMS) algorithm 1s given as an example
of an algorithm used for the adaptive control processing.

In Operation S616, the distortion compensation device 402
ends the updating processing of the distortion compensation
coellicient.

As described above, 1n Operation S612, the distortion com-
pensation device 402 reduces the amplitude (absolute value
of the distortion compensation coefficient by the weighting
processing by the mhibit coetlicient. After that, 1n Operation
S614, the distortion compensation device 402 executes the
updating processing of the distortion compensation coetfi-
cient by correcting the distortion compensation coefficient
based on the error signal. Therefore, the updating processing,
of the distortion compensation coelificient 1s repeated.

Even 1f the update proceeds, the amplitude (absolute value)
of the distortion compensation coelflicient 1s prevented from
excessively imcreasing.

The distortion compensation device 402 performs the
weighting processing on the distortion compensation coetfi-
cient using the inhibit coetlicient a in Operation S612. There-
fore, by properly setting the value of the inhibit coetlicient .,
the mfluence on the convergence of the distortion compensa-
tion coellicient 1n the updating processing may be suppressed
in each LUT.

According to the above-described embodiments, for
example, the distortion compensation device 402 performs
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the adaptive control processing in Operations S610 to S614
by the distortion compensation coellicient updating unit 426
using hardware. However, the embodiment 1s not limited to
the example For example, the distortion compensation
device 402 1s provided with a predetermined processor and

the program may be executed by the predetermined proces-
SOT.

2. Second Embodiment

A radio communication device and a distortion compensa-
tion device according to a second embodiment will be
described.

[2-1. Configuration Example of Distortion Compensation
Coetlicient Updating Unit 726]

The configuration of the radio communication device 700
according to the second embodiment 1s different from the
configuration of the radio communication device 400 1llus-
trated 1n FIG. 4 1n that the configuration of the radio commu-
nication device 700 includes the distortion compensation
device 702 and a distortion compensation coellicient updat-
ing unit 726 instead of the distortion compensation device
402 and the distortion compensation coetlicient updating unit
426. However, the other parts of the configuration of the radio
communication device 700 are equivalent to the radio com-
munication device 400. Thus, the illustration of the configu-
ration of the radio communication device 700 1s omitted.

FIG. 7 1s a diagram 1llustrating an example of an internal
configuration of the distortion compensation coetficient
updating unit 726. The internal configuration of the distortion
compensation coellicient updating unit 726 1s different from
the internal configuration of the distortion compensation
coellicient updating unit 426 illustrated 1n FIG. 5 in that the
internal configuration of the distortion compensation coetfi-
cient updating unit 726 includes a multiplier 736_1, instead
of the multiplier 536_1,;. However, the other parts of the
internal configuration of the distortion compensation coeifi-
cient updating unit 726 are equivalent to the distortion com-
pensation coellicient updating unit 426. In FIG. 7, the parts
that are equivalent to or correspond to the distortion compen-
sation coellicient updating unit 426 illustrated 1in FIG. 5 are
indicated with the similar numerals.

As 1llustrated i FIG. 7, the distortion compensation coet-
ficient updating unit 726 includes the multiplier 736_1,.
Based on the pre-distortion signal PD1(t) and the feedback
signal Fb(t), the distortion compensation coetficient updating,
umt 726 calculates an update value corresponding to the
distortion compensation coellicient h_1,; with respect to each
LUT_1,5. That 1s, the distortion compensation coefficient
updating unit 726 executes, by the circuitillustrated in FI1G. 7,
the calculating processing illustrated as the following For-
mula 3. The first term of the following Formula 3 1s different
from the first term of the above-described Formula 2. How-
ever, the second term of Formula 3 1s equivalent to Formula 2.

h_ i j(lIx(t=))=a__ijxh__ij(|Tx({t=7))+u__i jxe(t)x

Fb*(1-1) [Formula 3]

The multiplier 736_1,5 recerves the distortion compensa-
tion coelficient h_1,j from the corresponding LUT _1,; mnside
the distortion compensation coelficient storage unit 422 and
also recerves the inhibit coelficient o._1,3. The mhibit coetli-
cient o._1,] 15 a parameter of weighting corresponding to the
distortion compensation coelilicient. The parameter prevents
the update value (the left side of Formula 3) of the distortion
compensation coellicient from increasing by adjusting the
s1ze of the first term to be corrected 1n the above-described
Formula 3.
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As 1llustrated in FI1G. 7, the inhibit coelfficient o._1,; has a
value that 1s set individually to each LUT_i,;. The inhibit
coellicient ¢._1,] 1s prepared in advance as a table. For
example, the a_1,] 1s stored 1n the storage device (not 1llus-
trated) as a RAM, for example. The value of the mhibit
coellicient ¢._1,] 1s properly set between 0 and 1 (O=c,_1,1=1).
It 1s preferable that the value of the inhibit coefficient a_1,j 1s
determined 1n consideration with the characteristic of the
memory effect of the power amplifier and the characteristic of
the increase or decrease of the number of distortion compen-
sation coellicients 1n association with the updating process-
ng.

Furthermore, 11 the memory efiect of the power amplifier
410 1s small, a small value 1s set to the distortion compensa-
tion coellicient h_1,j that has a time distance from the current
reference time t 1s far, that 1s, the value of 1 or j 1s large. For
example, 1t 1s preferable that a smaller value as the value of 1
or 7 1s 1ncreased 1s set to the mhibit coefficient o_1,;. It the
memory elfect of the power amplifier 410 1s small, the intlu-
ence of the delay term (correction component of the distortion
compensating processing) generated by providing the delay
units 104 1 to 104 m-1 and 112 1 to 112 n-1 becomes
small when the pre-distortion signal generating unit 424 gen-
erates the pre-distortion signal PDI1(t). Especially, 11 the
degree (the value of 1 or 1) of the delay term becomes larger,
the influence on the delay term 1s considered to become
smaller.

The multiplier 736_1,1 performs the weighting processing,
by multiplying the distortion compensation coelificient h_1.j
received from LUT_1,] by the inhibit coetlicient ¢._1,] to gen-
erate a signal T1_1,) corresponding to the first term of the
above-described Formula 3. The multiplier 736_1.; supplies
the generated signal T1_ 1,5 to the corresponding adder
ADD_1,.

The operation of the other parts of the distortion compen-
sation device 702 illustrated in F1G. 7 1s equivalent to the parts
corresponding to the distortion compensation device 402
illustrated 1n FIG. 4, so that the description 1s omitted.

As described above, the distortion compensation coelli-
cient updating unit 726 of the distortion compensation device
702 sets the ihibit coeflicient to each LUT _1,j individually,
so that the 1inhibit coefficient 1s set to be an appropriate value
for each LUT 1,1 according to the memory effect character-
istic of the power amplifier. Therefore, since the degree of
welghting by the inhibit coellicient for each LUT_1,) may be
properly controlled, the distortion compensation device 702
may prevent the amplitude (absolute value) of the distortion
compensation coellicient from excessively increasing while
suppressing the intluence of the weighting processing on the
convergence of the distortion compensation coeificient in the
updating processing.

[2-2. Example of Updating Operation of Distortion Com-
pensation Coefficient 1n Distortion Compensation Device
702]

FIG. 8 1s adiagram 1llustrating an example of a tlowchart of
updating processing of a distortion compensation coefficient
in the distortion compensation device 702.

The flowchart illustrated 1n FIG. 8 1s different from the
flowchart illustrated 1n FIG. 6 1n that the flowchart illustrated
in FIG. 8 includes Operation S812 instead of Operation S612
and adds Operation S818. In FIG. 8, the parts that are equiva-
lent or correspond to the flowchart illustrated 1n FIG. 6 are
indicated with the similar numerals. With reference to the
flowchart illustrated 1n FIG. 8, the updating processing of the
distortion compensation coelificient will be described.

10

15

20

25

30

35

40

45

50

55

60

65

14

Operations S602 to S610 are equivalent to the processing
explained 1n the flowchart illustrated in FIG. 6, so that the

description 1s omitted.

In Operation S818, the distortion compensation coetlicient
updating unit 726 reads out the corresponding inhibit coetfi-
cient a_1,] from a predetermined table according to LUT _1,;
in which the distortion compensation coelficient to be
updated 1s stored.

In Operation S812, the distortion compensation coeltlicient
updating unit 726 receives the distortion compensation coet-
ficient h_1,; from each LUT_1,; and performs the weighting
processing by multiplying the recerved distortion compensa-
tion coelficient h_1,] by the inhibit coetlicient ¢, 1,1. By per-
forming the weighting processing, the distortion compensa-
tion coellicient updating unit 726 generates the signal T1_1,3
that corresponds to the first term of the update formula of the
distortion compensation coelificient 1llustrated 1n Formula 3.

Operations S614 and S616 are equivalent to the processing,
explained 1n the flowchart illustrated in FIG. 6, so that the
description 1s omitted.

In Operations S610, S818, S812, and S614, the distortion
compensation coetlicient updating unit 726 performs adap-
tive control processing with the pre-distortion signals PD1(t)
and PD2(t).

As described above, the distortion compensation device
702 reads out the inhibit coetlicient that 1s set individually to
cach LUT 1,7 in Operation S818. Thus, 1n the updating pro-
cessing of the distortion compensation coelficient, the appro-
priate inhibit coelficient may be used for each LUT_1,
according to the memory effect characteristic of the power
amplifier. Therefore, 1n Operation S812, since the degree of
the weighting by the imnhibit coefficient may be properly con-
trolled for each LUT_1,3, the distortion compensation device
702 may prevent the amplitude (absolute value) of the distor-
tion compensation coelificient from excessively increasing
while suppressing the intfluence on the convergence of the
distortion compensation coelficient in the updating process-
ng.

In the above-described embodiment, there 1s an example 1n
which the distortion compensation device 702 performs the
adaptive control processing of Operations S610, S818, S812,
and S614 by the distortion compensation coelficient updating
unit 726 using the hardware. However, the embodiment 1s not
limited to the example. For example, a predetermined proces-
sor may be provided 1n the distortion compensation device

702, and the processor may execute the processing 1llustrated
in Operations S610, S818, S812, and S614 by the program.

3. Third Embodiment

A radio communication device and a distortion compensa-
tion device according to a third embodiment will be
described.

[3-1. Configuration Example of Distortion Compensation
Coetlicient Updating Unit 926]

The configuration of the radio communication device 900
according to the third embodiment 1s different from the con-
figuration of the radio communication device 400 illustrated
in FI1G. 4 1n that the configuration of the radio communication
device 900 includes a distortion compensation device 902 and
a distortion compensation coellicient updating unit 926
instead of the distortion compensation device 402 and the
distortion compensation coeltlicient updating umt 426. The
other parts of the configuration of the radio communication
device 900 are equivalent to the radio communication device
400. Theretfore, the 1illustration of the configuration of the
radio communication device 900 1s omaitted.
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FIG. 9 1s a diagram 1illustrating an example of an internal
configuration of the distortion compensation coefficient
updating unit 926. The internal configuration of the distortion
compensation coellicient updating unit 926 1s ditferent from
the internal configuration of the distortion compensation
coellicient updating unit 426 illustrated 1n FIG. 5 1n that the
internal configuration of the distortion compensation coeifi-
cient updating unit 926 has a multiplier 936_1,7 and an inhibat
coellicient determining unit 938 instead of the multiplier
536_1.1. The other parts of the distortion compensation coel-
ficient updating unit 926 are equivalent to the distortion com-
pensation coetlicient updating unit 426. In FIG. 9, the parts
that are equivalent or correspond to the distortion compensa-
tion coellicient updating unit 426 illustrated in FIG. S are
indicated with the similar numerals.

As illustrated i FI1G. 9, the distortion compensation coel-
ficient updating unit 926 includes the multiplier 936_1,; and
the mnhibit coefficient determining unit 938. Based on the
pre-distortion signal PD1(t) and the feedback signal Fb(t), the
distortion compensation coellicient updating unit 926 calcu-
lates the update value corresponding to the distortion com-
pensation coellicient h_1,] with respect to each LUT _1,3. That
1s, the distortion compensation coetficient updating unit 926
executes, by the circuit 1llustrated in FIG. 9, the calculating
processing expressed in the following Formula 4. The first
term of the following Formula 4 1s different from the first term
of the above-described Formula 2. However, the second term
of Formula 4 1s equivalent to Formula 2.

h i j(Ix(t=HD=allTx(t=)))xh__i j(| Tx(t—j) )+
Ui jxe(H)xFb*(1—i)

[Formula 4]

The 1nhibit coetlicient determining unit 938 recerves the
transmission signal Tx(t) input into the distortion compensa-
tion device 902 and also receives the transmission signal
Tx(t—7) at the reference time t—7 from the delay units (corre-
sponding to the delay units 112_1to112_n-11n FIG. 1) of the
pre-distortion signal generating unit 424, respectively. The
inhibit coellicient determiming unit 938 determines the value
of the inhibit coeflicient a.(I'Tx(t—7)l) corresponding to each
LUT_1,) as the function of the amplitude (absolute <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>